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(71) We, MUI.IAKD LIMITED, of 
Abacus House, 33 Gutter Lane, London, 
E.C.2, a British Company, do hereby de-
clare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the 
following statement: — 

The invention relates to methods of manu-
facturing a semiconductor device, compris-
ing forming in a semiconductor body a 
semiconductor region of one conductivity 
type, and further relates to semiconductor 
devices which can be manufactured by such 
methods, particularly but not exclusively to 
semiconductor devices consisting of a high 
frequency bipolar transistor or a semicon-
ductor integrated circuit including a high 
frequency bipolar transistor as one of the 
circuit elements. 

In the manufacture of semiconductor de-
vices, comprising the formation of a semi-
conductor region of one conductivity type 
which adjoins a surface of a semiconductor 
body, it is known to provide the region en-
tirely by ion implantation; it is also known 
to provide such a region by a process 
other than ion implantation, for example, 
thermal diffusion ~ or localised epitaxial 
growth. Furthermore, it is known to pro-
vide a surface-adjacent portion of such a 
region by a process other than ion implanta-
tion and to form a lateral extension of the 
surface-adjacent portion by providing an ad-
joining, shallow, surface-adjacent portion of 
the region by ion implantation. Such a 
known method can be employed in the 
manufacture of insulated gate field effect 
transistors, for example, as described in an 
article by J. M. Shannon et al, Electronics, 
February 3rd 1969, pages 96 to 100; the 

1 

source and drain regions of the insulated 
gate field effect transistor are two juxta-
posed and mutually spaced semiconductor 
surface regions of one conductivity type of 45 
a semiconductor body; mutually remote, 
surface-adjacent portions of these two re-
gions which in the manufactured device are 
highly conductive source and drain contact 
portions contacted by the source and drain 50 
electrodes, are provided by thermally dif-
fusing source and drain impurity atoms; 
subsequently, source and drain impurity ions 
are implanted to form mutually adjacent, 
shallow, surface-adjacent portions of these 55 
two regions to determine mutually adjacent 
extremities of the source and drain regions 
and thus to define therebetween the channel 
region of the insulated gate field effect tran-
sistor. 60 

According to a first aspect of the present 
invention, there is provided a method of 
manufacturing a semiconductor device, in-
cluding forming in a semiconductor body a 
semiconductor region of one conductivity 65 
type comprising a surface-adjacent portion 
and a surface-remote layer-shaped portion 
which lies under at least part of the sur-
face-adjacent portion and extends substan-
tially parallel to the surface, in which the 70 
doping-profile characteristic of the said sur-
face-adjacent portion is determined by a 
process or processes other than an ion-
implantation and annealing process, and the 
doping-profile characteristic of the said sur- 75 
face-remote portion is determined by an ion-
implantation and annealing process in-
volving the implantation of ions charac-
teristic of the one conductivity type through 
the surface to provide in the body a concen- 80 
tration of the implanted ions which forms a 
laterally-extensive p—n junction area be-
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tween an underlying body portion of the 
opposite conductivity type and the said sur-
face-remote portion of the region. 

The combination of the ion implantation 
5 and annealing process with another process 

enables the exercise of greater control over 
the doping profile of impurity atoms of the 
one conductivity type in portions of the 
semiconductor region formed at various 

10 levels. 
The ion implantation and annealing pro-

cess permits considerably more precise con-
trol of the impurity concentration and con-
centration gradient at a deeper level within 

15 the body than is possible by many other 
processes. The depth of implantation is 
determined by the energy of the bombarding 
impurity ions, while the implanted impurity 
concentration is determined by the ion dose 

20 and bombardment time; parameters of ion 
energy, Ion dose and bombardment time can 
be accurately controlled. Thus, the use or 
an ion implantation and annealing process 
to determine the doping-profiie of impurity 

25 of the one conductivity type in the surface-
remote portion of the region which forms 
the said p—n junction area can be of con-
siderable advantage in the manufacture of 
semiconductor devices requiring a well-

30 specified impurity concentration and con-
centration gradient at such a p—n junction 
area; in this manner, it is possible to control 
accurately the position of the said p—n 
junction area fanned, and to control its 

35 shape by controlling the shape of the sur-
face-remote portion in terms of the im-
planted impurity atom distribution in re-
lation to impurity concentrations already 
provided or to be provided subsequently. 

40 By implantation with ions of a chosen 
energy value or spectrum, the implanted im-
purity atoms may have a maximum con-
centration remote from the surface and so 
form a buried layer extending substantially 

45 parallel to the semiconductor body surface. 
However, the doping-profiie of the one 

conductivity type required in the surface-
adjacent portion of the region may be other 
than that easily obtainable by ion implanta-

50 tion; for instance, an impurity concentration 
formed by diffusion may have a higher value 
at the surface of the body than can be ob-
tained easily by ion implantation, and, for 
example, such a higher value may be de-

55 sirable to minimise series resistance between 
the said surface-adjacent portion of the 
region and a metal layer electrode which in 
the manufactured device contacts the said 
surface-adjacent portion of the region. Thus, 

60 the use of the other process or processes to 
determine the doping profile of impurity of 
the one conductivity type in the surface-
adjacent portion of the region can be of 
considerable advantage in the manufacture 

65 of semiconductor devices. 

Processes other than ion implantation 
that can be employed in appropriate cir-
cumstances to determine the doping-profiie 
characteristic of the said surface-adjacent 
portion of the region are thermal diffusion 70 
of impurity atoms characteristic of the one 
conductivity type, epitaxial growth of semi-
conductor material of the one conductivity 
type, or even "knock-on" implantation of 
impurity atoms characteristic of the one con- 75 
ductivity type from an impurity layer on the 
semiconductor body surface; in the latter 
case, the impurity layer is bombarded by 
high energy ions which by energy transfer 
cause impurity atoms from the layer to 80 
enter the underlying surface-adjacent por-
tion of the body and be implanted therein. 

According to a second aspect of the pre-
sent invention there is provided a method of 
manufacturing a semiconductor device, in- 85 
eluding forming a semiconductor region of 
one conductivity type, in which impurity 
atoms characteristic of the one conductivity 
type are thermally diffused in a semicon-
ductor body portion of the opposite con- 90 
ductivity type to determing the doping-
profiie characteristic of a surface-adjacent 
portion of the region and to form a junction 
in the body, after which impurity ions 
characteristic of the one conductivity type 95 
are implanted through at least part of the 
surface-adjacent portion and at such energy 
as to provide in the body a concentration 
of the implanted ions in the vicinity of at 
least a portion of the said junction remote 100 
from the surface, which implantation and 
associated annealing determines the doping-
profiie characteristic of a surface-remote 
portion of the region which lies under at 
least part of the said surface-adjacent por- 105 
tion, extends substantially parallel to the 
surface and forms a laterally-extensive ;>—n 
junction area with the underlying body por-
tion of the opposite conductivity type. 

The expression "impurity atoms are n o 
thermally diffused in a semiconductor body 
portion" is to be understood herein to in-
clude diffusion from a gaseous stream con-
tacting the semiconductor body portion and 
comprising the impurity (for example phos- H5 
phorus atoms from phosphine), and diffusion 
from a layer portion comprising the im-
purity and provided at the semiconductor 
body surface (for example a silica layer 
doped with boron and situated on the semi- 120 
conductor body surface, or a shallow im-
planted or epitaxial layer comprising the im-
purity and situated at the semiconductor 
body surface). 

The annealing associated with the im- 125 
plantation is to reduce semiconductor body 
crystal-lattice damage produced by the ion 
beam and to locate implanted impurity 
atoms at substitutional positions in the cry-
stal lattice. Such an annealing treatment 130 
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can be performed in some cases by heating 
the body during the ion bombardment. 
However, it may be performed after the ion 
bombardment, in which case it will be evi-

5 dent that the location of, and the effective 
impurity concentrations at, junctions or 
junctures in the semiconductor body is not 
fully determined until after such an anneal-
ing treatment. 

10 During the ion implantation to provide 
the impurity concentration of the said sur-
face-remote portion of the region, attention 
should be given to the well-knov/n pheno-
menon of ion channeling. For deep im-

15 plantation with high ion energy, channeling 
can usually be minimised satisfactorily, as 
is known, by appropriate orientation of the 
body crystal lattice to the bombarding ion 
beam. Thu, the body may have its major 

20 surfaces normal to the (111) direction, and 
the ion beam may be dirrected towards a 
major surface of the body at an angle of 
7° from the (111) crystal direction. How-
ever, in certain cases such orientation is not 

25 a sufficient control of ion channeling; thus, 
for example, when the semiconductor region 
is a shallow emitter region of a bipolar tran-
sistor channeling of ions implanted to form 
an impurity concentration at the surface-

30 remote portion of the region can occur after 
scattering of the ions even though such an 
orientation of the ion beam and body has 
been made. In such cases, a further attempt 
may be made to reduce channeling to an ac-

35 ceptable level, for example by an inert ion 
bombardment to disrupt the semiconductor 
crystal lattice and occupy lattice channels 
prior to the impurity ion bombardment. In 
an alternative form, however, the pheno-

40 menon of channeling is intentionally ex-
ploited, since towards the end of the 
channeled ion range in the semiconductor 
crystal lattice, a maximum implanted im-
purity concentration occurs at a well-defined 

45 depth and has a well-defined steep profile. 

The semiconductor region may be a 
localized region at the said surface, and may 
form with the surrounding body part a p—n 
junction which terminates at the said sur-

50 face. The lateral dimensions of the semi-
conductor region may be determined in a 
variety of ways. In the case of the im-
plantation, the bombarding ions may be in 
the form of a beam which is directed selec-

55 tively at the said surface. In the case of 
thermal diffusion a layer or layers may be 
selectively provided on the said surface o£ 
the body and act as a source of impurity 
atoms for the diffusion. In a further form, 

60 one or more masking layers may be em-
ployed. 

When the doping-profile characteristic of 
the said surface-adjacent portion is deter-
mined by thermally diffusing impurity 

65 atoms, a diffusion masking layer may be 

present on the semiconductor body surface 
during this thermal diffusion, impurity 
atoms characteristic of the one conductivity 
type being diffused into the semiconductor 
body at an opening in the masking layer. 70 

When the said process other than an im-
plantation and annealing process is localised 
epitaxial growth, the said surface-adjacent 
portion of the region may be provided by 
epitaxially growing semiconductor material 75 
of the one conductivity type on a semi-
conductor surface portion at an opening in 
a masking layer provided on semiconductor 
body surface portions to mask underlying 
semiconductor body portions against epi- 80 
taxial growth, and impurity ions may be 
subsequently implanted during the said im-
plantation process to determine the major 
portion of the impurity concentration of the 
one conductivity type in the vicinity of the 85 
interface between the said surface-adjacent 
portion provided by epitaxy and the sub-
joining semiconductor body portion. 

Such diffusion- or epitaxy-masking layers 
may also be used to mask underlying semi- 90 
conductor body portions against the ion im-
plantation, and the ion implantation may be 
effected through the whole of the semicon-
ductor surface portion at the opening in the 
masking layer. In this case, when the mask- 95 
ing layer is of insulating and surface pas-
sivating material, at least the parts of the 
masking layer adjacent the opening may 
be retained in the manufactured device, and 
after the formation of the semiconductor 100 
region the whole of the semiconductor sur-
face portion at the opening in the masking 
layer may be exposed and a metal layer elec-
trode may be provided to contact the said 
surface-adjacent portion of the region at 105 
the opening in the masking layer. Thus, when 
thermal diffusion is the process used to 
determine the doping-profile of the surface-
adjacent portion, although the diffusion and 
implantation are effected in this case through 110 
the same opening, the lateral spread of 
diffused atoms is considerably greater than 
that of atoms implanted by ion bombard-
ment, so that when the masking layer is of 
an insulating and passivating material the 115 
whole p—n junction formed between the 
semiconductor region and adjacent portions 
of the body can terminate at the semicon-
ductor body surface below the passivating 
layer; thus a metal layer electrode contact 120 
can be made to such a semiconductor re-
gion at the opening in the masking layer 
without short-circuiting the p—n junction 
termination; in this manner, a so-called 
"washed-out" contact may be made. This 125 
can be particularly advantageous when the 
semiconductor region of the one conduc-
tivity type is an emitter region of a bipolar 
transistor and the said p—n junction area 
is part of an emitter-base p—n junction. 130 
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The said surface-remote portion may 
separate the said surface-adjacent portion 
from the semiconductor body portion of the 
opposite conductivity type underlying the 

5 semiconductor region. 
The ions may be implanted at such energy 

as to form a maximum concentration of the 
implanted ions which is spaced from the 
said surface and forms the laterally-exten-

10 sive p—n junction area between the under-
lying body portion of the opposite conduc-
tivity type and the said surface-remote por-
tion. During the said implantation other 
ions of the ion beam may be implanted in 

15 body portions around the said surface-
remote portion of the region. By such 
methods it is possible to form a high con-
ductivity implanted layer-shaped portion in 
and around the active portion of a previ-

20 ously diffused base region of a bipolar tran-
sistor,- depending oil the arrangement, such 
a high conductivity implanted portion of the 
base region can serve to reduce base series 
resistance for high frequency operation and/ 

25 or to ensure that breakdown current flow-
ing across the emitter-bass junction flows 
across a portion of the junction in the bulk 
of the semiconductor body raiher than 
across a portion of the junction at the 

30 semiconductor body/insulating layer inter-
face causing daniags at the interface. 

The said laterally-extensive p—n junction 
area formed may be substantially fist and 
substantially parallel to the said surface. 

35 Such a flat junction area may fenn prat of 
an emitter-base junction of a high frequency 
bipolar transistor, or the collector-base junc-
tion. When an emitter region is foraisd by 
diffusion from or into a narrow semkon-

40 ducior body surface portion, the resulting 
emitter-base junction may have a high curv-
ature; however, by a subsequent implanta-
tion stage a substantially flat, active por-
tion of the junction can be formed parallel 

45 to the surface, and this flat portion of the 
junction can reduce the effect of emitter 
current crowding. In addition, the precise 
location of the emitter-base and collector-
base junction are important for high fre-

50 quency bipolar transistors, since these loca-
tions determine the width of the active bare 
region. 

When the semiconductor region is an 
active base region of a bipolar transistor, 

55 the same window in an insulating and 
passivating layer at the semiconductor body 
surface may be employed to define the 
lateral extent of an emitter region and the 
lateral extent of the said ion implantation 

60 for the surface-remote portion of the active 
base region. This same window may be 
employed subsequently as an emitter con-
tact window. 

According to a third aspect of the present 
65 invention there is provided a semiconductor 

device comprising a semiconductor body 
having therein a semiconductor region of 
one conductivity type which comprises a 
surface-adjacent portion and a surface-
remote layer-shaped portion, which surface- 70 
remote portion lies under the surface-
adjacent portion and extends substantially 
parallel to the surface, the doping-profile 
characteristic of the said surface-remote 
portion being determined by an ion-im- 75 
planted and annealed impurity-concentra-
tion characteristic of the one conductivity 
type which forms a laterally-extensive p—n 
junction area between the region and an 
underlying body portion of the opposite 80 
conductivity type, and the doping profile 
characteristic of the said surface-adjacent 
portion being determined by a thermally-
diffused impurity concentration character-
istic of the one conductivity type which pro- 85 
vides a surface-doping which is higher than 
the doping in the said surface-remote por-
tion of the region and which is contacted 
by a metal-layer electrode. 

An embodiment of the invention will now 90 
be described by way of example, with re-
ference to the accompanying diagrammatic 
drawings, in which Figures 1 to 5 are cross-
sectional views of the semiconductor body 
of a discrete bipolar transistor at various 95 
stages of manufacture, and Figure 6 is a 
graph showing doping-profiles at various 
regions of the bipolar "transistor. 

The starting materia! is ail /z-lype mono-
crystalline silicon body 1, a portion of 100 
v/Iiich is rhown in Figure 1. The body 1 
comprises an if substrate 2 of 0.008 ohm-
cm. resistivity and 200 microns thickness on 
which is provided by epitaxial growth an n-
tvpe epitaxial layer 3 having a resistivity 105 
between 0.5 and 1 ohm-cm. and a thickness 
between 3 and 5 microns. The body 1 has 
its major surfaces normal to the (111) direc-
tion. 

In general, several discrete bipolar tran- 110 
slctors are manufactured from a common 
semiconductor wafer by forming an array 
of transistor elements simultaneously on the 
wafer and dividing the wafer to form indi-
vidual semiconductor bodies for each dis- 115 
crete transistor. However, the method of 
manufacture described herein with reference 
to Figures 1 to 5 will be in terms of the 
semiconductor body for one discrete tran-
sistor rather than the whole semiconductor 120 
wafer. It will be evident that where steps 
such as photolithographic and etching tech-
niques, diffusion, implantation and anneal-
ing are referred to, these operations are 
effected either simultaneously at a plurality 125 
of locations on the wafer or to the whole 
wafer so that a plurality of individual tran-
sistor elements are formed which are separ-
ated by dividing the wafer at a later stage 
of manufacture. 130 
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A layer of silicon oxide of approximately 
0.5 microns thickness is grown on the sur-
face of the epitaxial layer 3 by maintaining 
the body 1 at 1200°C in a stream of wet 

5 oxygen. By a photolithographic and etch-
ing step an opening of 50 microns by 80 
microns is formed in the silicon oxide layer 
to expose surface portion 4 of the under-
lying epitaxial layer 3 and to form a silicon 

10 oxide masking layer pattern 5. The result-
ing structure is shown in Figure 1. 

The body 1 is placed in a diffusion furn-
ace and maintained at approximately 950°C 
in a gas stream containing boron which is 

15 derived from a boron trioxide source. This 
results in the thermal diffusion of boron 
into the exposed surface portion 4 of the 
epitaxial layer 3 to form in the «-type epi-
taxial layer 3 a p-type region portion 61. 

20 The silicon oxide masking layer pattern 5 
masks underlying surface portions of the 
epitaxial layer 3 against diffusion. The dif-
fused boron surface concentration is of the 
order of JO15 atoms c.c. The p-type region 

25 portion 61 forms a p—n junction 71 with 
adjacent portions of the re-type epitaxial 
layer 3. The precise location of the p—n 
junction 71 and the diffused boron concen-
tration in the vicinity of the junction 71 

30 is not easily determined by the diffusion 
process. An approximate value for the 
depth of the p—n junction 71 in the epi-
taxial layer 3 is 0.2 microns. 

During the boron diffusion the surface 
35 portion 4 of the epitaxial layer 3 in the 

opening in the silicon oxide masking layer 
pattern 5 becomes covered with a thin 
layer of borosilicate glass. The body 1 is 
removed from the diffusion furnace and, 

40 after removal of the borosilicate glass, a 
further silicon oxide layer is grown in the 
opening in the silicon oxide masking layer 
pattern 5, which layer pattern is simultan-
eously thickened. This results in a drive-in 

45 of the p—n junction T to a depth of ap-
proximately 0.3 microns. Figure 2 shows 
the resulting structure. 

By a photolithographic and etching step, 
three emitter finger openings of 3 microns 

50 by 40 microns are made in the silicon oxide 
layer portion on the surface portion 4 and 
disposed within the p-type diffused region 
portion 61. In this manner smaller surface 
portions 8 of the p-type region portion 61 

55 are exposed and a silicon masking layer 
pattern 9 formed. 

The body 1 is placed in a diffusion furn-
ace and maintained at 900°C for 15 minutes 
in a gas stream containing phosphorus which 

60 is derived from phosphine. This results in 
the diffusion of phosphorus atoms into the 
exposed surface portions 8 of the p-type 
region 61 and the formation of «-type region 
portions 101 adjacent the surface portions 8 

65 and forming p—n junctions l l 1 with the 

adjacent p-type region portion 61. The sili-
con oxide masking layer pattern 9 masks 
adjacent portions of the p-type region por-
tion 6 l and the epitaxial layer 3 against 
diffusion. The diffused phosphorus surface 70 
concentration is approximately 7X1020 

atoms/c.c. The precise location of the p—n 
junctions l l 1 and the diffused phosphorus 
concentration in the vicinity of the junctions 
l l 1 is not easily determined by the diffusion 75 
process. There is a tendency for an in-
flexion to occur in the diffused phosphorus 
concentration profile so resulting in a low 
phosphorus concentration and concentra-
tion gradient in the vicinity of the p—n 80 
junctions l l1 . The depth of the p—n junc-
tions l l 1 is less than 0.2 micron. The phos-
phorus diffusion results in a so-called "push-
out" of the junction 71 to a deeper level. 
During the diffusion step, a thin layer of 85 
phosphosilicate glass is formed on the ex-
posed surface portion 8 and on the surface 
of the silicon oxide masking layer pattern 9. 

The impurity element concentrations and 
concentration gradients in the vicinity of the 90 
p—n junctions 71 and l l 1 are now sub-
stantially modified by implantation of boron 
and phosphorus using ion bombardment 
techniques. The silicon oxide masking layer 
pattern 9 serves as a mask against implant- 95 
ation. Aluminium layers of approximately 
0.5 to 1 micron thickness may also be em-
ployed as masking layer patterns in certain 
areas. 

The body 1 is placed in the target cham- 100 
ber of an ion bombardment apparatus and 
bombarded as indicated by arrows in Figure 
4 first with boron ions and subsequently 
with phosphorus ions. The boron ion source 
consists of boron trichloride and the phos- 105 
phorus ion source of phosphorus trichloride. 
The orientation of the body 1 is such that 
there is an angle of 7° between the ion 
beam axis and the (111) silicon crystal direc-
tion. 110 

The boron bombardment is effected in 
steps either with increasing or decreasing 
energies in the range of 60 keV to 80 keV. 
The doses are of the order of 10" atoms/ 
cm.2. Implantation of boron in the body 115 
occurs through the thin phosphosilicate glass 
layer on the surface portions 8 at the open-
ings in the silicon oxide masking layer pat-
tern 9. In this manner, the boron concen-
tration in extended areas of the p-type 120 
region portion 61 in the vicinity of the p—n 
junction 71 and under the H-type diffused 
region portions 101 is increased; the major 
part of the said concentration in the said 
extended areas is provided by boron atoms 125 
implanted through the surface portions 8 by 
ion bombardment. The diffused and im-
planted boron atoms together form p-type 
region 6 which has a surface-adjacent por-
tion in which the major part of the boron 130 
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concentration is provided by thermal dif-
fusion and surface-remote layer-shaped por-
tions which form well-defined flat areas of 
the collector-base p—n junction 7 with the 

5 adjacent portion of the n-type epitaxial 
layer 3, and in which the major part of the 
boron concentration is provided by ion im-
plantation, as indicated by an increase of 
shading in Figure 5. The final location of 

10 the p—n junction 7 and the final boron con-
centration in the vicinity of p—n junction 
7 below the n-type diffused region 10 are 
determined during a subsequent low tem-
perature annealing treatment, for example 

15 at 800°C. The p—n junction 7 so formed 
constitutes the base-collector p—n junction 
of the transistor, the p-type region 6 con-
stituting the base region. The resulting ac-
ceptor impurity element concentration in 

20 areas of the region 6 in the vicinity of the 
p—n junction 7 and under the //-type region 
portions 101 is determined substantially 
wholly by boron atoms implanted using ion 
bombardment. The resulting depth in the 

25 body 1 of the portions of the p—n junction 
7 below the n-type region portions 101 is 
approximately 0.45 micron. 

The implantation energy of the phos-
phorus ions is 80 keV, and the dose is ap-

30 proximately 1Q13 atoms/c.c.2. Implantation 
of phosphorus in the body occurs through 
the thin phosphosilicate glass layer on the 
surface portions 8 at the openings in the 
silicon oxide masking layer pattern 9. In 

35 this manner, the phosphorus concentration 
in an extended area of each n-type region 
portion 10l hi the vicinity of the p—n junc-
tions l l 1 is increased; the major part of 
the said concentration in the said extended 

40 area is provided by phosphorus atoms im-
planted through the surface portions 8 by 
ion bombardment. The diffused and im-
planted phosphorus atoms together form ii-
type regions 10 each of which has a surface-

45 adjacent portion in which the major part 
of the phosphorus concentration is provided 
by thermal diffusion and a surface-remote 
layer-shaped portion which each form a 
v/ell-defined fiat area of the emitter-base 

50 p—n junction 11 with the adjacent portions 
of the p-type base region 6, and in which 
the major part of the phosphorus concen-
tration is provided by ion implantation, as 
indicated by an increase of shading in Figure 

55 5, and, as shown, each resulting p—n junc-
tion 11 has a substantially flat portion paral-
lel to the surface portions 8. After a low 
temperature annealing treatment, for ex-
ample at 600°C the depth of the p—n 

60 junctions 11 in the body 1 is 0.2 microns. 

The resulting n-type regions 10 and p—n 
junctions 11 constitute the emitter regions 
and the emitter-base p—n junctions respec-
tively of the transistor. Consequently, the 

resulting base width of the transistor is 0.25 65 
microns. 

Various impurity element concentrations 
profiles are shown in Figure 6, where the 
vertical axis represents the impurity con-
centration in atoms/c.c. and the horizontal 70 
axis represents depth from the surface in 
microns. The diffused boron profile prior 
to the phosphorus diffusion is designated A; 
the diffused phosphorus profile is designated 
B; the implantation profile of 70 keV boron 7 5 
ions is designated C, and the implantation 
profile of 80 keV phosphorus ions is desig-
nated D. It will be evident from Figure 6 
that, after annealing, the locations of the 
collector-base and emitter-base p—n junc- 80 
tions 7 and 11 are determined substantially 
wholly by implanted boron and phosphorus 
ions respectively, whereas the impurity ele-
ment concentrations of the base and emitter 
regions adjacent the surface are determined 85 
substantially wholly by diffused boron and 
phosphorus atoms respectively. 

Portions of the silicon oxide masking 
layer pattern 9 are retained in the manufac-
tured device as an insulating and passivat- 90 
ing layer on the silicon body surface. Con-
tact is made to the //-type emitter regions 
10 by a so-called "washed-out emitter tech-
nique", in which an emitter contact layer is 
provided in the same openings in the layer 95 
pattern 9 as was employed to expose the 
surface portions 8 for diffusion and implant-
ation. This technique may be employed 
since the lateral spread of the diffused phos-
phorus atoms at the surface causes the 100 
emitter-base p—n junctions 11 to terminate 
at the surface below the silicon oxide mask-
ing layer pattern 9 so preventing a short-
circuit across the junction by the emitter 
contact layer. The thin phosphosilicate glass 105 
layer is removed to re-expose the surface 
portion 8 associated with the / H y p e emitter 
region 10, by dipping the body I in a very 
weak hj'droiluoric acid solution for a few 
seconds. By a further photolithographic and 110 
etching step four openings each of approxi-
mately 5 microns by 40 microns are formed 
in the silicon oxide masking layer pattern 
9 to expose surface portions of the p-type 
base region 10. 115 

A layer of aluminium of 0.5 microns 
thickness is then deposited over the whole 
surface. The aluminium layer is selectively 
removed by a further photolithographic and 
etching step to leave interdigitated emitter 120 
and base contact metal layers 12 and 13. 
The emitter contact layer 12 includes three 
finger portions of 5 microns width situated 
in the openings of the silicon oxide layer 
pattern 9 at the surface portions 8 previously 125 
occupied by the phosphosilicate glass layer, 
and extends over the silicon oxide layer 
pattern 9 to terminate in a common large 
area bonding pad on the silicon oxide layer 
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pattern 9. The base contact layer 13 com-
prises four fingers each of 5 microns width 
which further extend over the silicon oxide 
layer pattern 9 to terminate in a common 

5 large area bonding pad on the silicon oxide 
layer pattern 9. The high conductivity sub-
strate 2 provides the collector electrode. 

After dividing the wafer, the body 1 com-
prising the transistor element is mounted 

10 in an envelope. Connections to the emitter 
and base bonding pads are made, and en-
capsulation is effected in a conventional 
manner. 

It will be evident that in the embodiment 
15 described the order of the diffusion and 

implantation processing steps are chosen 
such that the temperatures involved are in 
descending order and the processes are 
essentially independent. 

20 
WHAT WE CLAIM IS: — 
1. A method of manufacturing a semi-

conductor device, including forming in a 
semiconductor body a semiconductor region 

25 of one conductivity type comprising a sur-
face-adjacent portion and a surface-remote 
layer-shaped portion which lies under at 
least part of the surface-adjacent portion 
and extends substantially parallel to the sur-

30 face, in which the doping-profiie charac-
teristic of the said surface-adjacent portion 
is determined by a process or processes 
other than an ion-implantation and anneal-
ing process, and the doping-profiie char-

35 acteristic of the said surface-remote portion 
is determined by an ion-implantation and 
annealing process involving the implantation 
of ions characteristic of the one conductivity 
type through the surface to provide in the 

40 body a concentration of the implanted ions 
which forms a laterally-extensive p—n junc-
tion area between an underlying body por-
tion of the opposite conductivity type and 
the said surface-remote portion of the 

45 region. 
2. A method as claimed in Claim 1, 

wherein the said surface-adjacent portion 
of the region is provided by epitaxially 
growing semiconductor material of the one 

50 conductivity type on a semiconductor sur-
face portion at an opening in a masking 
layer provided on semiconductor body sur-
face portions to mask underlying semicon-
ductor body portions against epitaxial 

55 growth. 
3. A method as claimed in Claim 1, 

wherein the doping-profiie characteristic of 
the said surface-adjacent portion is deter-
mined by thermal diffusion of impurity 

60 atoms characteristic of the one conductivity 
type. 

4. A method of manufacturing a semi-
conductor device, including forming a semi-
conductor region of one conductivity type, 

65 in which impurity atoms characteristic of 

the one conductivity type are thermally dif-
fused in a semiconductor body portion of 
the opposite conductivity type to determine 
the doping-profiie characteristic of a sur-
face-adjacent portion of the region and to 70 
form a junction in the body, after which 
impurity ions characteristic of the one con-
ductivity type are implanted through at least 
part of the surface-adjacent portion and 
at such energy as to provide in the body 75 
a concentration of the implanted ions in 
the vicinity of at least a portion of the 
said junction remote from the surface, which 
implantation and associated annealing de-
termines the doping-profiie characteristic of 80 
a surface-remote portion of the region which 
lies under at least part of the said surface-
adjacent portion, extends substantially par-
allel to the surface and forms a laterally-
extensive p—n junction area with the under- 85 
lying body portion of the opposite con-
ductivity type. 

5. A method as claimed in Claim 4, 
wherein prior to the thermal diffusion in 
the formation of the said surface-adjacent 90 
portion of the region, a diffusion masking 
layer is provided on the semiconductor body 
surface, impurity atoms characteristic of 
the one conductivity type being diffused 
into the semiconductor body at an open- 95 
ing in the masking layer. 

6. A method as claimed in Claim 2 or 
Claim 5, wherein the masking layer is also 
used to mask underlying semiconductor 
body portions against the ion implantation. 100 

7. A method as claimed in Claim 6, 
wherein the ion implantation is effected 
through the whole of the semiconductor sur-
face portion at the opening in the masking 
layer. 105 

8. A method as claimed in any of 
Claims 2, 5, 6, or 7, wherein the masking 
layer is of insulating and surface passivating 
material, and at least the parts of the mask-
ing layer adjacent the opening are retained 110 
in the manufactured device. 

9. A method as claimed in Claim 8 
where appendant to Claim 7, wherein after 
the formation of the semiconductor region 
the whole of the semiconductor surface por- 115 
tion at the opening in the masking layer 
is exposed and a metal layer electrode is 
provided to contact the said surface-adja-
cent portion of the region at the opening 
in the masking layer. 120 

10. A method as claimed in any of the 
preceding Claims, wherein the said laterally-
extensive p—n junction area formed is sub-
stantially flat. 

11. A method as claimed in any of the 125 
preceding Claims, wherein the said surface-
remote portion separates the said surface-
adjacent portion from the semiconductor 
body portion of the opposite conductivity 
type underlying the semiconductor region. 130 
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12. A method as claimed in any of the 
preceding Claims, wherein the ions are im-
planted at such energy as to form a maxi-
mum concentration of the implanted ions 

5 which is spaced from the said surface and 
forms the laterally-extensive p—n junction 
area between the underlying body portion 
of the opposite conductivity type and the 
said surface-remote portion. 

10 13. A method as claimed in any of the 
preceding Claims, wherein the semiconduc-
tor region is an emitter region of a bipolar 
transistor, the said laterally-extensive p—n 
junction area being an active portion of the 

15 emitter-base junction. 
14. A method as claimed in any of 

Claims 1 to 12, wherein the semiconductor 
region is an active base region of a bi-
polar transistor, the said laterally-extensive 

20 p—n junction area being an active portion 
of the collector-base junction. 

15. A method as claimed in Claim 14. 
wherein the same window in an insulating 
and passivating layer at the semiconductor 

25 body surface is employed to define the 
lateral extent of an emitter region and the 
lateral extent of the said ion implantation 
for the surface-remote portion of the active 
base region. 

30 16. A method as claimed in Claim 15, 
wherein the same window is employed sub-
sequently as an emitter contact window. 

17. A semiconductor device manufac-
tured using a method claimed in any of the 

35 preceding Claims. 
18. A semiconductor device comprising 

a semiconductor body having therein a semi-
conductor region of one conductivity type 
which comprises a surface-adjacent portion 

and a surface-remote layer-shaped portion, 40 
which surface-remote portion lies under the 
surface-adjacent portion and extends sub-
stantially parallel to the surface, the doping-
profile characteristic of the said surface-
remote portion being determined by an ion- 45 
implanted and annealed impurity-concentra-
tion characteristic of the one conductivity 
type which forms a laterally-extensive p—n 
junction area between the region and an 
underlying body portion of the opposite 50 
conductivity type, and the doping profile 
characteristic fo the said surface-adjacent 
portion being determined by a thermally-
diffused impurity concentration character-
istic of the one conductivity type which 55 
provides a surface-doping which is, higher 
than the doping in the said surface-remote 
portion of the region and which is con-
tacted by a metal-layer electrode. 

19. A semiconductor device as claimed 60 
in Claim 17 or Claim 18, in which the said 
region of the one conductivity type is a 
region of a high frequency bipolar tran-
sistor. 

20. A method of manufacturing a semi- 65 
conductor device, substantially as herein 
described with reference to Figures 1 to 6 
of the accompanying drawings. 

21. A semiconductor device substanti-
ally as herein described with reference to 70 
Figure 5 of the accompanying drawings. 
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